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IDENTIFICATION OF POINSETTIA CULTIVARS 

Related Applications 

This application claims the benefit of U.S. Provisional Application No. 
60/220,854, filed July 26, 2000, and U.S. Provisional Application No. 
60/252,206, filed November 21 , 2000, the disclosures of which are 
incorporated herewith by reference in their entireties. 

Field of The Invention 

This invention relates to methods of identifying plant cultivars using 
genetic fingerprinting techniques. 

Background of the Invention 

Ornamental plants such as begonias, geraniums, impatiens, 
poinsettias and the like comprise a large and profitable market in the United 
States. For example, sales of poinsettias, one of the best-selling flowering 
potted plants in the United States, exceeded $220 million dollars in 1998. 
Many ornamental plants such as poinsettias are vegetatively or clonally 
propagated (i.e., by cuttings from stock plants). Plants produced in this 
manner share the same genetic and phenotypic characteristics of the stock 
plant. Distributors, growers and buyers of ornamental plants are often 




concerned about the authenticity of the particular variety or cultivar of plant 
being grown or sold. Accordingly, a need exists for a method to reliably and 
accurately determine if a particular plant is the same cultivar as another 
cultivar, or if a particular plant is a member of a particular family or breeding 
5 program of plants. Additionally, a need exists for a method of accurately 
identifying particular cultivars by key characteristics, and then cataloging 
those characteristics such that plants produced in the future may be 
compared to the cataloged plants (i.e., in order to determine if a plant is a 
new cultivar or the same as one already known). Specifically, there is a need 

10 for a method that will significantly improve current visual techniques for 
cataloging that are both time-consuming for the practitioner and prone to 
producing ambiguous results. 

One potential method of confirming the identity of a cultivar is to 
characterize key genetic traits or patterns of known cultivars, and then 

15 compare these traits or patterns with the genetic traits or patterns of the plant 
whose genetic identity is unknown. Genetic patterns of a particular plant may 
be obtained by producing a unique "fingerprint" of the genome of the plant, 
which fingerprint will identify that plant as being of a particular genotype or 
cultivar. 

20 Over the past 10 years, genetic mapping technologies utilizing 

analyses of restriction fragment length polymorphisms (RFLP), random 
amplified polymorphic DNA (RAPD), simple sequence repeats (SSR) and 
amplified fragment length polymorphisms (AFLP) have been used for 
identifying genetic markers for desirable traits or phenotypes in plants. These 

25 techniques have also been useful adjuncts to genetic and breeding programs 
for genome mapping and marker-assisted selection, respectively. Using 
these technologies, attempts have been made to develop cultivar-specific 
fingerprints for identification. 

Unfortunately, the RAPD and RFLP technologies used in previous 

30 attempts to fingerprint cultivars lacked the resolution to distinguish between 
genotypes. While AFLP and SSR techniques generally have sufficient 
resolution to distinguish between certain genotypes, these methods have 
heretofore been unable to overcome the problems posed by the inherent 
heterogeneity in regions of plant genomes that contain polymorphisms, but 
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which are unrelated to the regions of the genomes that are related to cultivar 
identity. In particular, these technologies have been limited in their use for 
reliable cultivar identification of vegetatively propagated plants due to 
recognized and unrecognized regions of heterogeneity in these plant 
5 genomes. 

Accordingly, the identification of a set of polymorphism-containing 
restriction fragments strictly associated with cultivar diversity in vegetatively 
propagated plants remains desirable. Once identified, such a set could be 
used, for example, to create reference databases containing fingerprints of 

10 particular cultivars. The ability to reliably compare fingerprints of individual 
plant genomes to polymorphic restriction fragments known to be related to 
cultivar identity would be of value to plant breeders, for example, in 
monitoring license agreements or authenticating plants that are patented. In 
plant breeding programs, these methods could be used for monitoring genetic 

15 drift and for trait or cultivar selection, while plant growers could use such 
methods to reliably confirm that they are receiving the cultivars they have 
purchased. Such methods have heretofore not been available. 

Summary of the Invention 

20 The present inventors have examined over 100 amplified restriction 

fragments that exhibit polymorphisms between cultivars of the Poinsettia 
genome, a clonally propagated crop. In particular, the inventor has identified 
amplified restriction fragments that are polymorphic between genotypes, and 
which in specific combinations also correlate with cultivar identity. These 

25 restriction fragments have the sequences set forth herein as SEQ ID NO:1 
through SEQ ID NO:46. The sequences designated herein as SEQ ID NO:1 
through SEQ ID NO: 46 are sequences of specific domains of the plant 
genome linked to cultivar differentiation. These sequences may be used to 
find homologs in other plants, which homologs are also useful in cultivar 

30 determination. 

A subset of the fragments comprising 16 particular fragments and 
identified herein as SEQ ID NOS: 12, 15-25, 27, 30, 34-37, and 39 may be 
used to estimate genetic relationships among poinsettia plants and their 
association with particular breeding programs or families. These polymorphic 
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fragments are correlated with poinsettia cultivar identity. The discovery of 
regions of the genome that are involved in cultivar differentiation (as 
distinguished from those which appear as polymorphisms but are in fact not 
related to cultivar identity) provides an advantageous and significant 
5 advancement for the genomic fingerprinting of plants generally, and more 
specifically of vegetatively propagated plants such as poinsettias. 

Accordingly, a first aspect of the invention is a method of assessing the 
relationship, if any, between a poinsettia plant and a known poinsettia cultivar, 
by obtaining a DNA fingerprint of the poinsettia plant's genomic DNA by 

10 AFLP, the fingerprint being a collection of amplified restriction fragments; 

comparing the fingerprint so obtained in with a genomic DNA fingerprint of the 
known poinsettia cultivar; and assessing the relationship between the plant 
and the cultivar by identifying similarities, if any, between the fingerprints. 
A second aspect of the invention is a method of estimating a genetic 

15 relationship of a first poinsettia plant to a representative member of a specific 
breeding family. This method also involves obtaining a DNA fingerprint of the 
genomic DNA of a first poinsettia plant, where the fingerprint comprises a set 
of amplified restriction fragments. The fingerprint of the first poinsettia plant is 
compared with a fingerprint of the genomic DNA of the second poinsettia 

20 plant, where the fingerprint comprises a set of amplified restriction fragments. 
A profile index value is generated based on the comparison of the fingerprint 
of the first poinsettia plant with the fingerprint of the second plant. Known 
mathematical models may be used to determine whether the two poinsettia 
plants belong to a representative breeding family. 

25 A third aspect of the present invention is a method of determining the 

profile similarity of a first plant to a second plant, by obtaining a DNA 
fingerprint of the genomic DNA of a first plant by AFLP, wherein the 
fingerprint comprises a set of amplified restriction fragments and wherein 
each fragment comprises a DNA sequence that includes a DNA sequence 

30 selected from the group consisting of SEQ ID NO: 1 to SEQ ID NO: 46; 

comparing the fingerprint of the first plant with a fingerprint of the genomic 
DNA of the second plant, wherein the fingerprint comprises a set of amplified 
restriction fragments and wherein each fragment comprises a DNA sequence 
that includes a DNA sequence selected from the group consisting of SEQ ID 
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NO: 1 to SEQ ID NO: 46; and generating a profile index value based on the 
comparison of the fingerprint of the first plant with the fingerprint of the 
second plant, wherein a profile similarity index value of about 1 or a 
dissimilarity value of about zero indicates that the two plants are sufficiently 
5 genetically similar so as to be of the same cultivar. 

A fourth aspect of the present invention is a method of determining the 
profile similarity of a first poinsettia plant to a second poinsettia plant, by 
obtaining a DNA fingerprint of the genomic DNA of a first poinsettia plant by 
AFLP, wherein the fingerprint comprises a set of amplified restriction 

10 fragments; comparing the fingerprint of the first poinsettia plant with a 

fingerprint of the genomic DNA of the second poinsettia plant, wherein the 
fingerprint comprises a set of amplified restriction fragments; and generating 
a profile index value based on the comparison of the fingerprint of the first 
poinsettia plant with the fingerprint of the second plant, wherein a profile 

15 similarity index value of about 1 or a dissimilarity value of about zero indicates 
that the two poinsettia plants are genetically similar. 

A fifth aspect of the present invention is a method of generating a 
profile of a poinsettia plant, wherein the profile comprises the number of 
amplified restriction fragments having a sequence that includes the sequence 

20 selected from the group consisting of SEQ ID NOS: 12, 15, 16, 17, 18, 19, 20, 
21, 22, 23, 24, 25, 27, 30, 34, 35, 36, 37, 39, 42, and 44, and the identity of 
each fragment, by obtaining a DNA fingerprint of the genomic DNA of the 
poinsettia plant, wherein the fingerprint is a set of amplified restriction 
fragments, and wherein each fragment comprises a DNA sequence that 

25 includes a DNA sequence selected from the group consisting of SEQ ID 

NOS: 12, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 27, 30, 34, 35, 36, 37, 39, 
42, and 44; identifying the amplified restriction fragments having a sequence 
that includes a sequence selected from the group consisting of SEQ ID NOS: 
12, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 27, 30, 34, 35, 36, 37, 39, 42, 

30 and 44 in the fingerprint; and recording the amplified restriction fragments 
having a sequence that includes a sequence selected from the group 
consisting of SEQ ID NOS: 12, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 27, 
30, 34, 35, 36, 37, 39, 42, and 44, and the identity of each fragment. 
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A sixth aspect of the present invention is a database comprising the 
profiles of poinsettia cultivars, wherein the profile of each cultivar comprises 
the number of restriction fragments possessed by the cultivar and the identity 
of the restriction fragment, and wherein the restriction fragments are selected 
5 from the group of fragments that have a sequence that includes a sequence 
selected from the group consisting of SEQ ID NOS: 12, 15, 16, 17, 18, 19, 20, 
21, 22, 23, 24, 25, 27, 30, 34, 35, 36, 37, 39, 42, and 44. 

A seventh aspect of the invention is a method of identifying a plant 
cultivar, by obtaining a first DNA fingerprint of the genomic DNA of the plant, 

10 wherein the fingerprint is a set of amplified restriction fragments, and wherein 
each fragment comprises a DNA sequence that includes a sequence selected 
from the group consisting of homologs of SEQ ID NO:1 to SEQ ID NO:46; 
and then comparing the first fingerprint with a second fingerprint comprising a 
set of amplified restriction fragments of the genomic DNA of a known plant 

15 cultivar, wherein each fragment comprises a DNA sequence that includes a 
sequence selected from the group consisting of homologs of SEQ ID NO:1 to 
SEQ ID NO:46; wherein the plant cultivar is a representative of the known 
plant cultivar if the fingerprint of the plant and the fingerprint of the known 
plant cultivar have the same complement of polymorphic bands. 

20 A eighth aspect of the invention is a method of generating a profile of a 

plant, wherein the profile comprises the number of amplified restriction 
fragments having a sequence that includes the sequence selected from the 
group consisting of SEQ ID NO:1 to SEQ ID NO:46, and the identity of each 
fragment, by obtaining a DNA fingerprint of the genomic DNA of the plant, 

25 wherein the fingerprint is a set of amplified restriction fragments, and wherein 
each fragment comprises a DNA sequence that includes a DNA sequence 
selected from the group consisting of SEQ ID NO:1 to SEQ ID NO:46; 
identifying the amplified restriction fragments having a sequence that includes 
a sequence selected from the group consisting of SEQ ID NO:1 to SEQ ID 

30 NO:46 in the fingerprint; and recording the amplified restriction fragments 
having a sequence that includes a sequence selected from the group 
consisting of SEQ ID NO:1 to SEQ ID NO:46, and the identity of each 
fragment. 
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A ninth aspect of the invention is a method of determining whether a 
poinsettia plant is a representative of a known poinsettia cultivar, by obtaining 
a first DNA fingerprint of the genomic DNA of a poinsettia plant by AFLP 
analysis, and then comparing the first fingerprint with a second fingerprint of 
5 the genomic DNA of the known poinsettia cultivar; wherein the poinsettia 
plant is a representative of the known poinsettia cultivar if the fingerprint of 
the poinsettia plant and the fingerprint of the known poinsettia cultivar have 
the same complement of polymorphic bands. 

A tenth aspect of the invention is a method for choosing restriction 

10 fragments to be amplified in AFLP analysis of plants comprising the step of 
identifying sequences that contain homologs of SEQ ID NOS: 12, 15, 16, 17, 
18, 19, 20, 21, 22, 23, 24, 25, 27, 30, 34, 35, 36, 37, 39, 42, and 44 in plants 
other than poinsettia. 

A eleventh aspect of the invention is a method of choosing primers 

15 comprising the step of selecting primers capable of amplifying polymorphisms 
related to cultivar diversity. 

A twelfth aspect of the invention is a method for choosing primers for 
use in AFLP analysis of poinsettias, by performing AFLP amplification of 
multiple cultivars using multiple primer pairs; selecting for analysis fragments 

20 that are present in at least one cultivar, repeatable in multiple amplifications, 
and whose bands on the AFLP gel exhibit sufficient intensity and separation 
from other fragments; eliminating primer pairs that detected intracultivar 
variation; performing AFLP amplification on multiple genotypes using the 
remaining primer pairs; and selecting the primer pairs with the highest 

25 number of useful polymorphisms. 

A thirteenth aspect of the invention is a method of building a database 
of poinsettia cultivar profiles by generating a profile of a poinsettia cultivar; 
storing the profile on a computer-readable storage media; and adding addition 
profiles of poinsettia cultivars to the database as they are generated. 

30 A fourteenth aspect of the invention is a method of utilizing a database 

of poinsettia cultivar profiles by generating a profile of a poinsettia cultivar; 
storing the profile on a computer-readable storage media; adding addition 
profiles of poinsettia cultivars to the database as they are generated; and 
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comparing the profile of the poinsettia cultivar to those profiles in the 
database to determine the identity of the poinsettia cultivar. 

A fifteenth aspect of the invention is a method of distinguishing a 
poinsettia cultivar from a known poinsettia cultivar, by obtaining a first DNA 
5 fingerprint of the genomic DNA of a poinsettia plant by AFLP analysis and 
then comparing the first fingerprint with a fingerprint of the genomic DNA of 
the known poinsettia cultivar; wherein the poinsettia plant is not a 
representative of the known poinsettia cultivar if the fingerprint of the 
poinsettia plant and the fingerprint of the known poinsettia cultivar are 

10 dissimilar. 

Additional aspects of the invention include databases that comprise the 
profiles of poinsettia cultivars, where the profile of each cultivar comprises the 
number of restriction fragments possessed by the cultivar and the identity of 
the restriction fragment, and where the restriction fragments are selected from 

15 the group of fragments that have a sequence that includes a sequence 

selected from the group consisting of SEQ ID NO:1 to SEQ ID NO:46. In one 
embodiment, the database comprises the profiles of poinsettia cultivars, 
where the profile of each cultivars comprises the number of restriction 
fragments possessed by the cultivar and the identity of the restriction 

20 fragment, and where the restriction fragments are selected from the group of 
fragments that have a sequence that includes a sequence selected from the 
group consisting of SEQ ID NOS: 12, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 
25, 27, 30, 34, 35, 36, 37, 39, 42 and 44. 

The foregoing and other aspects of the present invention are explained 

25 in detail in the specification set forth below. 

Brief Description of the Drawings 

FIG. 1 is a phylogram illustrating the similarities of poinsettia DNA 
profiles identified by analyzing different combinations of known 
30 polymorphisms. This figure compares DNA profiles using 41 polymorphisms 
(set forth herein as SEQ ID NOS: 1-46) selected for profiles that maximize the 
resolution of related cultivars for identification. This figure further illustrates 
that in order to resolve genetic differences between cultivars it is desirable to 
select specific polymorphisms, i.e., that specific polymorphisms are better 



-8- 




predictors of parentage than the other polymorphisms for vegetatively 
propagated crops. 

FIG. 2 is a phylogram comparing poinsettia DNA profiles obtained by 
fingerprinting genomic DNA of certain poinsettia plants, and then analyzing a 
5 set of seven of the sixteen fragments selected for their collective ability to 
group cultivars by genetic background. The polymorphisms used are those 
set forth herein as having DNA sequences including the DNA sequences of 
SEQ ID NOS: 12, 20, 21, 22, 23, 24, 34, 35 and 37. 

FIG. 3 is a phylogram comparing poinsettia DNA profiles obtained by 
10 fingerprinting genomic DNA of certain poinsettia plants, and then analyzing a 
set of seven randomly selected polymorphisms. The data provided in this 
Figure demonstrate the significance of the discovery of the selective 
polymorphisms of the present invention. 

15 Detailed Description of the Preferred Embodiments 

The present invention will now be described more fully hereinafter in 
the specification, in which preferred embodiments of the invention are shown. 
This invention may, however, be embodied in different forms and should not 
be construed as limited to the embodiments set forth herein. Rather, these 
20 embodiments are provided so that this disclosure will be thorough and 

complete, and will fully convey the scope of the invention to those skilled in 
the art. 

The terminology used in the description of the invention herein is for 
the purpose of describing particular embodiments only and is not intended to 
25 be limiting of the invention. As used in the description of the invention and 
the appended claims, the singular forms "a", "an" and "the" are intended to 
include the plural forms as well, unless the context clearly indicates 
otherwise. 

Unless otherwise defined, all technical and scientific terms used herein 
30 have the same meaning as commonly understood by one of ordinary skill in 
the art to which this invention belongs. All publications, patent applications, 
patents, and other references mentioned herein are incorporated by reference 
in their entirety. 



-9- 



Nucleotide sequences are presented herein by single strand only, in 
the 5' to 3' direction, from left to right. Nucleotides are represented herein in 
the manner recommended by the IUPAC-IUB Biochemical Nomenclature 
Commission, in accordance with 37 C.F.R. §1.822 and established usage. 
5 See, e.g., Patentin User Manual, pages 99-102 (November 1990) (U.S. 
Patent and Trademark Office). 

As used herein, the term "cultivar" refers to a man-made plant variety, 
produced and maintained by vegetative propagation rather than from seed. 
However, as used herein, the term "cultivar" may also refer to any plant 

10 variety with a unique genotype or DNA fingerprint. 

The term "polymorphism" refers to a difference in DNA sequence 
between or among different genomes, cultivars or individuals. Such 
differences can be detected when they occur within known genomic regions. 
The terms "nucleic acid sequence" or "sequence" as used herein, 

15 refers to an oligonucleotide, nucleotide, or polynucleotide, and fragments 
thereof, and to DNA or RNA of genomic or synthetic origin which may be 
single- or double-stranded, and represent the sense or antisense strand. 

Genomic DNA sequences are those naturally occurring DNA 
sequences constituting the genome of a cell (i.e., a plant cell). Used herein, 

20 the term "genomic DNA" generally refers to nucleic acid fragments targeted 
for amplification and subsequent fingerprinting analysis by any of the 
fingerprinting techniques described herein. Genomic DNA may be amplified 
by known procedures as described herein, using suitable primers to produce 
detectable primer extension products. 

25 The terms "DNA amplification" and "nucleic acid amplification" refer 

interchangeably herein to any method known in the art that results in the 
linear or exponential replication of nucleic acid molecules that are copies of a 
target substrate nucleic acid molecule. Preferably, the target or substrate 
nucleic acid is DNA. One known method and preferred of DNA amplification 

30 is the polymerase chain reaction or "PCR." PCR is based on an enzymatic 
reaction in which copies of DNA fragments are synthesized from a substrate 
DNA in vitro. The reaction involves the use of one or more oligonucleotide 
primers, each of which is complementary to nucleotide sequences flanking a 
target segment in the substrate DNA. A thermostable DNA polymerase 
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catalyzes the incorporation of nucleotides into the newly synthesized DNA 
molecules, which serve as templates for continuing rounds of amplification. 
PCR is generally described in U.S. Pat. Nos. 4,683,195 and U.S. Pat. No. 
4,683,202 to Mullis et a/., the disclosures of which are incorporated by 
5 reference in their entirety. 

The term "primer" is generally used herein to encompass any synthetic 
or naturally occurring oligonucleotide that can specifically hydrogen-bond to a 
region of a nucleic acid (preferably, DNA) molecule, and function to initiate a 
nucleic acid replication or primer extension process. Such processes may 

10 include, for example, PCR, or other enzyme-based amplification reactions. 

Primers will generally be single-stranded, will be complementary to at least 
one strand of a target or substrate nucleic acid, and will serve to direct 
nucleotide polymerization or primer extension using the targeted sequence as 
a template. Primers of the present invention may be used in combination with 

15 another primer to flank the target sequence in PCR, thus forming a "primer 
set" or "primer pair." In general, primers of the present invention may be as 
short as 20 nucleotides, or 15 nucleotides, or 10 nucleotides, or even shorter. 
Primers may be as long as 30 nucleotides, or 40 nucleotides, or 50 
nucleotides, or even longer, if desired. In a preferred embodiment of the 

20 invention, primers are 15 to 20 nucleotides in length. 

The terms "restriction endonuclease" and "restriction enzyme" are 
used interchangeably herein to refer to enzymes that recognize a specific 
palindromic-base sequence (target site) in a double-stranded DNA molecule. 
These enzymes catalyze the cleavage of both strands of the DNA molecule at 

25 a particular base in the target site. 

The term "restriction fragment" refers to a DNA molecule as produced 
by digestion with one or more restriction endonucleases. Any given genome 
may be digested by one or more particular restriction endonucleases into a 
discrete set of restriction fragments. The DNA restriction fragments that result 

30 from restriction endonuclease cleavage may be separated by gel 
electrophoresis and detected by methods known in the art (e.g., by 
fluorescence detection, autoradiography, and the like) in order to visualize the 
location of the restriction fragments on the gel. The DNA restriction 
fragments will appear on the gel as "bands." 
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The discrete set of amplified restriction fragments identified as 
polymorphic, which are produced by the digestion of DNA with one or more 
restriction endonucleases followed by selective amplification of the resulting 
fragments, may be referred to as a "fingerprint" of the substrate DNA (e.g., 
5 the genomic DNA of a plant). The fingerprint for a cultivar is the subset of 
polymorphic fragments (the complete set comprising 41 polymorphic 
fragments) characteristic of that cultivar. In other words, all polymorphic 
fragments of a cultivar present on a gel, after the DNA of the cultivar has 
been digested into restriction fragments, amplified, and the fragments 
10 separated by, for example, gel electrophoresis, constitute the fingerprint of 
the cultivar. 

The term "ligation" refers to an enzymatic reaction by which two 
double-stranded DNA molecules are covalently joined together in their sugar- 
phosphate backbones via phosphodiester bonds. The ligation reaction may 

15 be catalyzed by, for example, the enzyme T4 DNA ligase. Ligation can occur 
between two DNA molecules that each are bounded by blunt (non-staggered) 
ends (i.e., blunt-end ligation), but also can occur if the two DNA molecules 
contain single-stranded overhanging ends that are complementary in 
sequence (e.g., "sticky ends"). 

20 The term "adaptor" will refer herein to largely double stranded DNA 

molecules comprised of a limited number of base pairs, e.g., about three to 
about thirty base pairs. Adaptors are generally used in the AFLP process 
further described herein, and are generally comprised of two synthetic single- 
stranded oligonucleotides having nucleotide sequences in the genome of 

25 interest, and which are also, in part, complementary to each other. Under 
appropriate annealing conditions, the two complementary synthetic 
oligonucleotides will have single-stranded termini. Generally, single stranded 
ends of the adaptor molecule ("sticky ends") are designed so that they are 
complementary to and can be specifically ligated to the digested end of a 

30 restriction fragment. However, the ends of the adaptor molecules may be 
blunt-ended, and may be ligated to the ends of blunt-ended fragments using 
blunt-end ligation techniques known in the art. 
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The term "homolog" as used herein, refers to a molecule of the same 
essential nature. As used herein, it refers to a molecule similar to SEQ ID 
NO:1 to SEQ ID NO:46 that is related to cultivar diversity. 

The methods and sequences of the present invention are particularly 
5 useful in identifying plants that are reproduced by vegetative propagation, that 
is, asexually, in which new plants are formed not from seeds but from 
specialized structures of the root, stem or leaf (e.g., a "cutting" from a plant). 
Vegetative propagation, as used herein, is used interchangeably with the term 
"clonal propagation" and also encompasses the propagation of new plants 

10 from meristem cultures. In a preferred embodiment, the present invention is 
used to identify cultivars of those plants known in the art as "ornamental" 
plants, which group of plants includes but is not limited to, poinsettias, 
impatiens, begonias, roses, geraniums, chrysanthemums, and the like, with 
poinsettias being particularly preferred. Cultivars are defined by like 

15 characteristics such as flower color, leaf morphology and color, plant 

architecture and strength, shelf life, and the like. Accordingly, cultivars in a 
diversity of species may be defined by homologs of the sequences of the 
present invention in analogous gene families (i.e., in other ornamental or 
vegetatively propagated plants). 

20 The methods of the present invention are based on the discovery by 

the present inventors of a discrete set of polymorphic and selectively 
amplified restriction fragments that are identified herein as having DNA 
sequences that include the DNA sequences of SEQ ID NO: 1 to SEQ ID NO: 
46. As used herein, the terms "fragment" and "polymorphism" may be used 

25 interchangeably, whereas the term "sequence" generally refers to the DNA 

sequence of the fragment. A subset of the fragments comprising 16 particular 
fragments and including the DNA sequences identified herein as SEQ ID 
NOS: 12, 15-25, 27, 30, 34-37, and 39 may be used to estimate genetic 
relationships among poinsettia plants and their association with particular 

30 breeding programs or families. Poinsettia cultivars from certain breeding 
programs share certain bands that may be selected from the group of 16 
fragments identified above. These polymorphic fragments are correlated with 
poinsettia cultivar identity. The discrete set of sequences having been 
identified by using unique combinations of specific primers set forth herein, 
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individual plants may be then analyzed by the techniques described herein for 
the presence or absence of each of the designated polymorphic fragments 
that are a measure of diversity in specific regions of the genome. 

The presence or absence of the polymorphic fragments may be 
5 determined by obtaining a DNA fingerprint of the poinsettia plant, wherein the 
presence or absence of a particular amplified fragment on a gel correlates 
with the presence or absence of the sequence corresponding to that 
polymorphism in the genome of the plant. The presence or absence of a 
fragment may be determined by determining the location (i.e., the length or 

10 size) of "bands" present on a gel in which amplified genomic DNA has been 
electrophoresed and visualized, as described herein. Similarity of profiles of 
different plants are based on the number of shared fragments (i.e., the 
number of fragments that the plants have in common). 

A plant that is a member of a particular cultivar will have the same 

15 DNA fingerprint (i.e. } the same complement of polymorphic bands) as another 
member of the same cultivar. Because of the variable nature of the 
sequences, different cultivars will possess different subsets of the 41 
fragments. For example, one cultivar may possess 23 of the 41 fragments, 
while another cultivar may have 30 of the 41 fragments, of which only 20 

20 fragments may be shared. Of course, two different cultivars may have the 

same number of fragments identified as being fragments of the set of 41, but 
the specific fragments possessed by each cultivar may differ, thus allowing for 
differentiation between the cultivars. Two of the 41 fragments (identified 
herein as fragments 36-161 and 36-162) have more than one sequence 

25 assigned to them (i.e., the fragment 36-161 has the three alternative 

sequences 36-161A, 36-161B, and 36-161C; the fragment 36-162 has the 
four alternative sequences 36-162A, 36-162B, 36-162C, and 36-162D). 
Thus, although the number of polymorphic fragments is 41 , the total number 
of sequences that represent the fragments is 46. 

30 For maximum resolution, the presence or absence of each of the 41 

fragments may be determined for each plant whose identity is to be confirmed 
or compared to the identity of another plant or cultivar. However, a subset of 
the 41 fragments comprising 16 particular fragments and including the DNA 
sequences identified herein as SEQ ID NOS: 12, 15-25, 27, 30, 34-37, and 
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39) may be used to estimate genetic relationships among poinsettia plants 
and their association with particular breeding programs or families. The 
identification of this subset is based on the inventors' discovery that poinsettia 
cultivars from certain breeding programs share certain bands that may be 
5 selected from the group of 16 fragments identified above. Known poinsettia 
breeding programs that may be identified in this fashion include but are not 
limited to "families" containing the Freedom, Peterstar and Sonora cultivars. 

In one embodiment of the invention, a method of identifying whether or 
not a particular plant is a member of a known cultivar is carried out as follows: 

10 First, genomic DNA from the plant is obtained by one of several methods 
known in the art. Such methods include but are not limited to the benzyl 
chloride procedure of Zhu ef a/., Nuci. Acid Res. 21:5279-5280 (1993), which 
is a preferred procedure in the practice of the present invention. Other, less 
preferred DNA extraction methods that may be used include the 

15 "CTAB/chloroform" method (see Murray et a/., NucL Acids Rev. 8:4321-4325 
(1980)), or an urea extraction mini-prep procedure such as the method set 
forth in J. Chen ef a/., The Maize Handbook (in M. Freeling and V. Walbot, 
eds., Springer-Verlag, New York, pages 526-527 (1994)). The genomic DNA 
is preferentially obtained from the youngest fully expanded leaf of the plant, 

20 according to known techniques. 

After the genomic DNA of the plant is obtained, a fingerprint 
comprising specific restriction fragments of the genomic DNA is generated. 
The fingerprint may be obtained by any suitable method known in the art, but 
a preferred method is the AFLP technique, sometimes referred to as the 

25 amplified fragment length polymorphism technique. This technique is also 
referred to herein as "AFLP analysis." This method of selective restriction 
fragment amplification is set forth in, for example, European Patent 534,858 
to M. Zabeau, and P. Vos et a/., Nuci Acids Res. 23, 4407-14 (1995), which 
disclosures are incorporated herein by reference in their entirety. Briefly, the 

30 AFLP technique consists of digesting genomic DNA with restriction enzymes, 
ligating synthetic oligonucleotide adaptors to the ends, using selective PCR 
primers to amplify a subset of the restriction fragments, and separating the 
amplified fragments on an appropriate gel system. 



-15- 



In the AFLP technique, restriction fragments are generated from 
genomic DNA by complete digestion with a restriction enzyme combination. 
Preferably, AFLP uses a combination of two different restriction enzymes: one 
enzyme which serves the purpose of targeting rare sequences (a "rare cutter" 
5 restriction enzyme), and a second enzyme (a frequent cutter enzyme) which 
serves the purpose of reducing the size of the restriction fragments to a range 
of sizes which are amplified efficiently. Targeting rare sequences reduces the 
complexity of the starting mixture of DNA fragments, thus achieving a more 
reliable and accurate amplification. Restriction enzymes suitable for the 

10 present invention include but are by no means limited to the hexanucleotide 
recognition site enzymes EcoRI, Oral, Pstl and BamH\\ the tetranucleotide 
recognition site enzymes Sau3AI, Mbo\, Msel, Taq\, 7sp509l and Alu\\ the 
pentanuleotide recognition site enzymes Hinft or Avail; and the 
octanucleotide site enzymes, Pme\ y Pad, or Swa\. In a preferred 

15 embodiment of the present invention, two restriction enzymes are used to 

digest the DNA, wherein one of the restriction enzymes has a tetranucleotide 
recognition site, and the other enzyme has a hexanucleotide recognition site. 

After digestion of the genomic DNA, double-stranded adaptors 
comprising oligonucleotides of moderate length (e.g., from about 3 to about 

20 30 base pairs) are specifically ligated to the ends of the restriction fragments. 

The individual adaptors corresponding to the different restriction sites all carry 
distinct DNA sequences. 

The selective principle upon which the AFLP method is based resides 
in the design of selective, adaptor-directed amplification (i.e., PCR) primers. 

25 In general, these primers are composed of a sequence that matches the 

adaptor sequence restriction site and additional random nucleotides (e.g., two 
or three additional nucleotides) at the 3' end. The primers ensure that only 
those restriction fragments exhibiting a matching sequence will be amplified. 
Consequently, a subset of the fragments is amplified and can be separated 

30 by gel electrophoresis to generate a "fingerprint" of the genomic DNA. Since 
the 3'-nucleotides must match perfectly in order for the PCR primers to 
efficiently amplify their target DNA fragment, this selective principle exhibits a 
high degree of fidelity. 
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In one embodiment of the invention, the hexanucleotide recognition 
site restriction enzyme is EcoRI and the tetranucleotide recognition site 
restriction enzyme Mse\. In a preferred embodiment, the primers are selected 
from the following group of primers: 

5 

EcoRI primer E2: 5'-GACTGCGTACCAATTCAAG-3' (SEQ ID NO:47) 
EcoRI primer E3: 5-GACTGCGTACCAATTCACA-3' (SEQ ID NO: 48) 
10 EcoRI primer E7: 5-GACTGCGTACCAATTCAGC-3' (SEQ ID NO:49) 
Msel primer M2: 5-GATGAGTCCTGAGTAACAC-3' (SEQ ID NO:50) 
Msel primer M5: 5-GATGAGTCCTGAGTAACTA-3' (SEQ ID NO:51) 

15 

Msel primer M6: 5'-GATGAGTCCTGAGTAACTC-3' (SEQ ID IMO:52) 

Msel primer M7: 5'-GATGAGTCCTGAGTAACTG-3' (SEQ ID NO:53) 

20 Msel primer M8: 5'-GATGAGTCCTGAGTAACTT-3' (SEQ ID NO:54) 

In a more preferred embodiment of the invention, the following set of 
primer pairs are used in the AFLP process to elucidate the polymorphic 
amplified fragments of the present invention: 
25 E2 and M5 E3 and M8 

E2 and M7 E7 and M2 

E3 and M5 E7 and M5 

E3 and M6 E3 and M7 

An AFLP amplification results in the co-amplification of multiple 
30 genomic fragments. Differences in DNA sequence between genomes (e.g., 
between cultivars) in the region of the restriction sites or the one to ten 
nucleotides directly adjacent to the restriction sites leads to differences, or 
polymorphisms, in the PCR products generated. 
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Each pair of primers used in the AFLP process will generate a certain 
number of polymorphic fragments that are a subset of the 41 polymorphic 
fragments and include the DNA sequences set forth herein as SEQ ID NO: 1- 
46. For example, the primer pair of E2 and M5 will yield five polymorphic 
5 fragments. Accordingly, in order to obtain the full set of polymorphic 

fragments which comprise the fingerprint of a cultivar, the amplification of the 
genomic DNA is preferably performed with all eight primer pairs set forth 
above; i.e., the amplification procedure is performed with the first primer pair 
(E2 and M5), then repeated with the second primer pair (E2 and M7), etc., 

10 until the entire set of desired fragments is generated. In one embodiment of 
the invention, one of the primers, preferably the one corresponding to the 
hexanucleotide-site restriction enzyme, carries a labeling moiety. The labeling 
moiety may be a fluorophore, chromophore, radioactive isotope (i.e., P 33 ), or 
any other detectable label known to those in the art. In one example of the 

15 present invention, the labeling moiety is P 33 . 

Other methods of obtaining the fingerprint are arbitrarily primed PCR 
(AP-PCR) also known as random amplified polymorphic DNA (RAPD), DNA 
amplification fingerprinting (DAF), arbitrary signatures from amplification 
profiles (ASAP), simple sequence repeat amplification (SSR), or any other 

20 suitable method known in the art. 

The AP-PCR (Arbitrarily Primed Polymerase Chain Reaction) method 
is useful for creating genomic fingerprints from samples for which little is 
known about the target sequence to be amplified. Performing the first few 
PCR cycles at low stringency using short arbitrary oligonucleotides (typically 

25 10-20 base pairs) generates strain-specific arrays of DNA fragments 
(fingerprints). After completion of these early cycles, some of the PCR 
products will have ends complementary to the primers. The PCR cycles are 
then completed at higher stringency. DNA amplified in this manner can be 
used to determine the relatedness of species or for analysis of restriction 

30 fragment length polymorphisms (RFLPs). See J. Welsh and M. McClelland, 
Nucl. Acids Res. 18, 7213 (1990). AP-PCR is also called RAPD (Randomly 
Amplified Polymorphic DNA). J. G .Williams et al., Nucl. Acids Res. 18, 6531 
(1990). 
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DAF (DNA Amplification Fingerprinting) involves PCR amplification 
using a single arbitrary primer. The amplification products are separated on a 
polyacrylamide gel and detected by silver staining. The electrophoresis 
pattern can then be used to "fingerprint" the sample. See G. Caetano- 
5 Anolles, et al., Bio/Technology 9, 553 (1991). 

ASAP (Arbitrary Signatures from Amplification Protocols) is a dual-step 
amplification procedure whereby amplification products generated with 
arbitrary primers are amplified using mini-hairpin primers containing 3'- 
terminal, three-nucleotide, arbitrary sequences. T. W. Starman et al., Hort. 

10 Science 34, 1119 (1999). 

SSR uses primers that are complementary to regions flanking 
microsatellite sequences or "simple-sequence repeats." The genomic 
segments flanked by the simple-sequence repeats are amplified. 
Polyacrylamide gels and radioactive labeling may be used to detect 

15 polymorphisms. 

The amplified fragments produced by the above-described methods or 
other suitable methods may be separated on a gel by known methods in 
order to obtain the DNA fingerprint. The separation of amplification nucleic 
acid fragment products by polyacrylamide or agarose gel electrophoresis, 

20 usually followed by staining or visualization, is known. Separation of 

amplification products can be obtained by other methods, however, which can 
be used in place of or together with gel electrophoresis. The separation is 
followed by the determination of the characteristic pattern of fragments by 
visualizing the characteristic pattern of the nucleic acid on the dried and 

25 developed gel. For example, the pattern of DNA fragments may be 

characterized by Southern blotting to a number of probes, by staining with 
DNA-binding dyes, by detection of radioactive isotope labels incorporated into 
the DNA, and other methods that are known in the art. Individual banding 
pattern differences in the co-amplified fragments between different genomic 

30 DNA samples indicate polymorphisms between the source DNA. 

The foregoing methods are used to produce a set of amplified DNA 
fragments unique to each plant and the plants that are of the same cultivar. 
The discrete set of amplified DNA polymorphic fragments comprises the 
"fingerprint" of the poinsettia DNA. As set forth above, the term "fingerprint" 
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also refers to the banding pattern (i.e., the location of bands on a gel) of the 
genomic DNA on the gel, after the DNA has been digested into restriction 
fragments, amplified, and the fragments separated on the gel. 

From the fingerprint, a "profile" of the plant or cultivar may be 
5 generated. As used herein, the term "profile" is a description of the 

polymorphisms detected in the genomic DNA of a particular poinsettia 
cultivar. In other words, a profile is a description of the subset of the 41 
fragments set forth herein that are discovered to be characteristic of that 
particular cultivar. In general, when a fingerprint is obtained for a particular 

10 poinsettia plant by the methods described above, the fingerprint is 

characterized by detecting the presence or absence of a band corresponding 
to a particular polymorphic fragment that has a sequence that includes the 
sequence selected from the group consisting of SEQ ID NO: 1: to SEQ ID 
NO: 46. Accordingly, a "profile" of a poinsettia plant's genomic DNA may 

15 comprise the specific subset of bands (from the total set of 41 fragments) that 
the particular plant has. The generation of a profile is generally illustrated by 
the following example: the fingerprint of a poinsettia plant is obtained by the 
methods described therein, and the amplified restriction fragments obtained 
therefrom separated onto a gel and detected. The plant thus analyzed may 

20 have five bands, and the bands may correlate with the restriction fragments 
known to have the sequences that include the sequences defined herein as 
SEQ IDS NO: 2, 7, 10, 15, 18 and 34. The "profile" of the poinsettia plant or 
cultivar may thus comprise the number of the bands the plant or cultivar had 
(i.e., five) and which bands they are (i.e., SEQ IDS NO: 2, 7, 10, 15, 18 and 

25 34). Stated another way, a "profile" is a compilation of data about a particular 
poinsettia plant, which data may include the number of bands that the plant 
has and the identity of the particular bands. 

Fingerprints or profiles of particular plants or cultivars may then be 
compared to the fingerprints or profiles of other plants or cultivars. This 

30 comparison may be carried out by one or more of a diversity of methods 

according to the present invention. For example, a fingerprint of the DNA of 
a particular plant may be visually compared to the fingerprint of another plant 
or cultivar to determine if the banding patterns are identical, similar or 
dissimilar. In this method, the visualized gel of the separated fragments is 
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visually compared to the gel of the separated fragments of another plant. The 
gel may be automatically scanned by apparatus (e.g., a phosphor imager) 
designed to generate an image representative of the gel. The generated 
image may optionally be stored as a computer file, which may be a set of 
5 data, a photographic image, or any other means of storing an image known in 
the art. The image may also be analyzed by image analysis software known 
in the art for the presence or absence of bands known to correspond to the 41 
polymorphisms of the present invention, the location of the bands, and the 
number of bands in the fingerprint of the plant. 

10 In a preferred embodiment of the invention, the profile of a particular 

plant is compared to a database (/. e., a collection of data stored in a computer 
or in a computer-readable storage media such as a disk or diskette) that 
comprises the known profiles of numerous poinsettia cultivars. Using 
software programs and mathematical models known in the art, the profile of a 

15 particular plant may be compared to all of the profiles in the database or a 
subset of the profiles in the database, and a measure of the similarity or 
dissimilarity between the particular plant and any one or more known profiles 
generated. The profile comparison may include comparing which bands a 
particular plant has, versus which bands another cultivar has, and then 

20 determining which bands are shared by both plants (wherein the bands 

represent the particular polymorphic fragments described herein). When two 
plants have profiles with the same complement of polymorphic bands, then 
they are considered to be of the same cultivar. 

In an embodiment of the invention, the profile generated by the 

25 fingerprint of the genomic DNA of a poinsettia is compared to a database 

comprising the known profiles of other poinsettia plants, and a numeric value 
(a measure or index of profile similarity or dissimilarity) calculated to 
represent the similarity of the poinsettia to the poinsettias whose profiles are 
stored in the database. For example, if two plants are found to have profiles 

30 with the same complement of polymorphic bands, the index of profile 

similarity may have the value of one, while plants that share no bands may 
have the value of zero. Preferred indices of similarity include the Dice 
similarity coefficient model ( or the "Dice model," L. R. Dice, Ecology 26, 297- 
302 (1945)) and the Jaccard model (P. Jaccard, Bull. Soc. Vaud. ScL Nat 44, 
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223-270 (1908)). An index of dissimilarity may also be used, wherein zero 
indicates identity between profiles. A preferred index of dissimilarity is the 
Lynch model (M. Lynch, Mol. Biol. Evol. 5, 584-599 (1988)). Under these 
various analysis system, plants of varying profile similarity will accordingly 
5 have values between zero and one. 

In one embodiment of the invention, the Dice model is used in 
conjunction with the statistical software package known as NUMERICAL 
TAXONOMY AND MULTIVARIATE ANALYSIS SYSTEM VERSION 2.0 or 
NTSYSpc Version 2.0, available from Exeter Software, Setauket, New York. 

10 See also, F. James Rohlf, NTSYSpc Users Guide (Applied Biostatistics Inc., 
Setauket, New York (1998). The software package is used to generate 
indices of profile similarity between plants. Using this system of analysis, the 
profile of each plant comprises data indicating the presence or absence of 
each of the 41 polymorphic fragments (or alternatively a subset of the 41 

15 fragments), wherein a value of zero is assigned if a particular band is absent 
and value of one assigned if a band is present. Profile similarities are 
estimated from the 1/0 data using an equation in which the variables include 
the number of positive matches between two cultivars, and the number of 
fragments in each of the individual cultivars. This calculation includes only 

20 positive matches (1/1, i.e., each cultivar shares the same band), and excludes 
negative matches (0/0, i.e., both cultivars lack the band). A value of one 
indicates the plants have the same complement of polymorphic bands, while 
a value of zero indicates that the plants share no bands. Generally, similarity 
measurements of about one indicate a high degree of similarity and may be 

25 differentiated by phenotype. Phylograms such as those in FIGS, 1 to 3 may 
thus be generated from these similarity indices, and the similarities between 
many cultivars analyzed. 

Embodiments of the invention in include the databases themselves, as 
described and used above. These databases preferably comprise the profiles 

30 of poinsettia cultivars, where the profile of each cultivar comprises the number 
of restriction fragments possessed by the cultivar and the identity of the 
restriction fragment, and where the restriction fragments are selected from the 
group of fragments that have a sequence that includes a sequence selected 
from the group consisting of SEQ ID NO:1 to SEQ ID NO:46. In one 
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preferred embodiment, the database comprises the profiles of poinsettia 
cultivars, where the profile of each cultivars comprises the number of 
restriction fragments possessed by the cultivar and the identity of the 
restriction fragment, and where the restriction fragments are selected from the 
5 group of fragments that have a sequence that includes a sequence selected 
from the group consisting of SEQ ID NOS: 12, 15, 16, 17, 18, 19, 20, 21, 22, 
23, 24, 25, 27, 30, 34, 35, 36, 37, 39, 42 and 44. 

Databases, and database systems, methods and computer program 
products generally include a database that actually stores the data, a 

10 database management system and one or more applications that interface 
with the database management system to provide, for example, user 
interfaces and other applications. 

The present invention may take the form of a computer program 
product on a computer-usable storage medium having computer-usable 

15 program code and/or the database itself embodied in the medium. A 

computer-usable or computer-readable medium may be any medium that can 
contain, store, communicate, propagate, or transport the database and/or 
associated programs for use by or in connection with a program execution 
system, apparatus, or device. Any suitable computer readable medium may 

20 be utilized including hard disks, CD-ROMs, optical storage devices, a 
transmission media such as those supporting the Internet or an intranet 
and/or magnetic storage devices. 

The database and/or the programs that perform calculations and 
comparisons as described herein may exist and/or execute entirely on a 

25 user's computer, partly on a user's computer, as a stand-alone software 

package, partly on the user's computer and partly on a remote computer, or 
entirely on the remote computer. The present invention may thus be 
embodied in hardware and/or in software (including firmware, resident 
software, micro-code, etc.). Furthermore, the present invention (e.g., a 

30 database or program that utilizes the database) may take the form of a 
computer program product on a computer-usable or computer-readable 
storage medium having computer-usable or computer-readable program code 
embodied in the medium for use by or in connection with an instruction 
execution system. 
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The following Examples are provided to illustrate the present invention, 
and are not to be construed as limiting thereof. 

EXAMPLE 1 

5 Isolation and Amplification of Poinsettia Restriction Fragments 

Genomic DNA was isolated from fully expanded poinsettia leaves 
using a modified benzyl chloride procedure (see Zhu et al, Nucl. Acid Res. 
21, 5279-5280 (1993)) and quantified by spectrophotometry. The AFLP 

10 protocol was performed essentially as described by Vos et al., Nucleic Acids 
Research 23, 4407-4414 (1995), using the commercially available AFLP 
Analysis System I™ (Life Technologies, Gaithersburg, Md.). The 
modifications made to the Life Technologies protocol included extending the 
length of time for the restriction digest incubation to an overnight incubation 

15 and extending the length of time for the ligation incubation to six hours at a 
lower temperature than that suggested by the manufacturer, in order to 
improve reproducibility in the final AFLP result. The AFLP fragments were 
electrophoresed on a 6% denaturing acrylamide gel for approximately two 
hours. The gel was fixed and dried, then exposed to a phosphor screen 

20 overnight. The screen was then scanned on a phosphorimager (Molecular 
Dynamics, Sunnyvale, California), and the image was saved as a Tagged 
Image File Format (TIFF) file. Analysis of the image was facilitated by the 
use of image analysis software (Pro-RFLP™ from DNA ProScan, Nashville, 
Tennessee), with which specific polymorphic fragments were scored for 

25 presence or absence. 

EXAMPLE 2 

Optimization of AFLP Analysis By Obtaining Optimal Primer Pairs 

30 To determine optimal primer pairs for AFLP of poinsettia genomes, a 

two-level screening strategy was employed. Initially, four phytoplasma-free 
cultivars were tested with 64 primer pairs using AFLP Analysis System I™ . 

This screening allowed for a determination as to which primers were 
appropriate to use with poinsettia, and provided a first estimate of the number 

35 of polymorphisms each primer pair would detect that would allow us to 
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differentiate different cultivars. The best four of these primer pairs were 
chosen based on the overall quality of the AFLP amplification and the number 
of fragment differences between the different cultivars. These four primer 
pairs were used to begin the AFLP evaluation of 70 cultivars. Fragments 
5 were selected for analysis if they were present in at least one phytoplasma- 
free cultivar, repeatable in multiple amplifications, and easily scored on the 
AFLP gel in terms of intensity and separation from other fragments. Sixty-six 
fragments were located that fit these requirements, and provided enough 
polymorphism to distinguish most of the 70 collected cultivars collected. 

10 These fragments were then tested for intracuitivar variation using 77 samples 
from nine different cultivars collected from locations worldwide. It was 
determined that 44 of the fragments varied greatly in at least one cultivar, and 
most varied in several. Eliminating these hypervariable fragments from 
analysis left 22 validated fragments, and necessitated an additional primer 

15 screening to discover which other primer pairs would provide additional 
reliable polymorphisms. 

EXAMPLE 3 
Secondary Primer Screening 

20 

The secondary primer screening began by selecting the 30 best primer 
pairs from the first screening using the same criteria as previously described. 
Twelve poinsettia genotypes were then chosen to screen the 30 primer pairs. 
Three genotypes served as controls for intracuitivar variation and the 
25 remaining nine were chosen for their low distance classes. The primer pairs 
with the highest number of useful polymorphisms were scored and analyzed 
individually, then in different combinations until the distance classes were 
optimized. 

The 32 fragments generated by the four most useful primer pairs were 
30 tested for intracuitivar variation, and 19 of them were validated. These 19 
fragments were added to the final database, bringing the total number of 
scored fragments to 41. 
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EXAMPLE 4 
Polymorphic Fragment Sequencing 

5 Sequence data of the polymorphic fragments that were found to 

correlate with cultivar identity was obtained by isolating each of the scored 
fragments from an acrylamide gel and first sequencing it using the EcoRI 
primer. The sequence data was then confirmed by sequencing a second time 
using the Mse\ primer. Two of the fragments (36-161 and 36-162) had more 
10 than one sequence assigned to them (/.e., 36-161A, 36-161B, 36-161C, 36- 
162A, 36-162B, 36-162C, and 36-162D), thus bringing the total number of 
sequences to 46. 

The sequences of the 41 polymorphic fragments (the 46 sequences) 
that correlate with cultivar identity are set forth below. In the following 
15 sequences, primer sequences are not shown, and the nucleotide f IST 
represents a position in the sequence in which the nucleotide was not 
determined. Additionally, all sequences are oriented with the EcoRI primer 
end first and the Msel primer end last. 

25-409 (SEQID NO:1) 

20 AAACTTAGACTTTATACCATAATNTTTTAGTTGCTGCTTGATCTATAGCA 

GTTGAGCCACATAACTTCTGGCAGCCATGTACTCAGCTTCAGCTGTACTT 
AGAGCCATAGAAGTTTATTTCTTGTTGTACCATGTGTCTAGACAATTACC 
AAGGAAATGACATCCTCTAGTGGTGTTTTTCCTTTCTAACTTGTNTCTTC 
CATAATTAGCATTTGTGTATGCCCTCAGAGTGAAATTTCCATTTCTTGGA 

25 TACCATAAACCTGCATCAATAGTTCCTAGCAAATACCATAACAACAGCTA 
AGTGAGATTCTCTGGGGTTAGCTTGATATCTACCATAATAACATACAACA 
TATTGAATTTCAGGCCTACTAG 

25-237 (SEQ ID NO:2) 

30 GTTAGAAAAGCAAATTTCAGTGCAGGGTGTGGATNTGGTGCCAGNTANTA 
TTGCAAATGTTAGAGCTTTGTTGCAGGATTTGACTGAGAGGAATTGTGTC 
ATGGAGAGAAGTTCGAGTGCGAGCCCGATTGTGTTGTAGGAGAAGAAATT 
GGANAGAAGNCGTTGGGGGCAAGTATGGAGTTGAGAATCCCAC 
ATCTA 

35 25-222 (SEQ ID NO:3) 

AGTTAGAAAAGCAAATTTCAGTGCAGGGTATACTATTGCAAATGTTAGAG 
CTTTGTTGCAGGATTTGACAGAGAGGAATTGTATCATGGAGAGAAGTTCG 
AGTGCGAGCCCGATTGTGTTGTAGGAGAAGAAATTGGAAGAAGACGTTGG 
GGGCAAGTGTGGAGTTGAGAATCCCACATGTA 

40 

25-197 (SEQ ID NO:4) 

TGCTTCCAAGGTGTTTCTCCTTTTGATAGAGAAATTTTACCAACTATGGA 
AAACTGACATGATTTCAGCCTCTCTTCATAAAGATTTTGAGGAATCTGAA 
TTGCTTTGTATCTCCCACTTGCGTCAATGATTTGTGAGTTCAGGGTTGGA 
45 GCAGATATCTA 
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25-139 (SEQ ID NO:5) 

CGACGATGGCAATGATGACAATTCTTGCCTGGAACCAGAAATGATAATTG 

ATACTCCCTATATAGGGAGAATGTTGAAAATTAGATTTTGAAGTTGTTAT 

TTA 

5 

27-410 (SEQ ID NO:6) 

TTCCATGGTACCTTTGTTCAGTAAAAAAATTACACAATTAGCTAGTTCGA 
AGAATACACGTGCAAACTAATTTTTAGGTCNTGGTTGCAAATTATTTTGC 
AAAAATAATTACCAAGCTATCTCTTCCAAGTATATATTTCTCTAGCATCT 
1 0 CCCATGCATAAGAACTGTTGGAGTGTATATGTATGAGAAAGAAATGTATA 
ATACCAACCTCTTCCATTTGCTTTGTTCTACTGCTTTCCAAGTGCTCGGT 
TTAGGTGTATTACAAGGCCCTATAGTAGCCTGCAGTCATTCATGGAACTA 
ACAAACTCAGTATCTAAGCCCGGGGTGAAAAGATACTCACAATCTCACAT 
TTCCGATCAACTCCCCATATC 

15 

27-286 (SEQ ID NO:7) 

GAAAATATGTGCTGAATTTATNCTGTAAAGTAGTTTCGATGCAACCACTG 
TTTAGGTTATACTTAACTTTCTGTTCATCACCATCAATCCTCAGCAAAAC 
ACCCTCATTCTTCATACTTAGATGTTGTTCGAAGAAATATGGGGTAACAG 
20 NGATTTCTTTGCCCTGGACCTTGGNTTGAAGAGCATCAAACTTGGCGTGA 
ACACTAAGAATCTCATAGAACTCCCTTGACTAAGTCAGGATATGTGG 



27-257 (SEQ ID NO:8) 

AGCTCTTCATTGCTTCATCATAGGTTATCGGTTTATCATCCTCTATGATA 
25 TATAGTTCCCTACATCAGTGATGATGCAACCATATCTTTTAGGACCGTTA 
TGAATATGACCTGATCTTTGCATTGATTGTGTTTCAACAGGTTGTTCATT 
GGATCAAACCTTCTTGTGTATCTAGAATGGGGTCAACTAGTTGATTATCT 
GTTTTATATTCTTGAAGCTCC 



30 27-213 (SEQ ID NO:9) 

TGCATTCCATGGTTCAAAAGCCGAGTTTCTTCGCCTCATCGAGTTTTTAT 
TCGCAAAGTGGATGGTTTAGACAGGGTTTTGACCAGCAGCCTGGAGTTGG 
GAGATTGTTGGCCTCATCAGAAATTAGTTTTCATGGAGTTGGGAGATTTG 
AAG GTAATTC AAG G AAG TTTTCTG C A 

35 

27-113 (SEQ ID NO:10) 

CCGGATAAAAGCACTACAATCAGGTAGATGACTCGGGTCGGATACGTAGT 
GCANTACTGAGTCAGACTAACGA 

40 27-112 (SEQ ID NO:11) 

GTTTATCTTCAAGTCTAACAAGACCCAGTTTTTCAGATTCCTTTCCTCAA 
TTTCTCGTTCAGTTATAAAAGCTAA 

27-103 (SEQ ID NO:12) 

45 GAATGCCTATTACATCGGAAAACAAAAAAACAAAGATAAATGCTAGAGAC 
A N TATAATC ATC C C 



27-97 (SEQIDNO:13) 

GTCTTTCTAGTTTTACTGATTTCTGTTGTACTTCTATTAGATATATATTG 
50 TATATCTGA 
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27-88 (SEQ ID NO:14) 

TTGAAGGCAGGAAAATATATCCTATTCTGAAAGGATTTACAATCTGCGG 



36-257 (SEQ ID NO:15) 

ACTTCTCTCCCCACACAATGTGTAGTGCAGCTAGTGCCGATGACAGTGAG 

AAGACCAGAATCACATAGAGAGCGATCGTATGAAAAGGTATTGAATTAGG 

GATTTGATGAAAGGGTAAGATAGAAAGGGAGTTGGTGTTAGCGAGTTGTT 

TCTCCTGCCCTCACAATAATACTTTTATCAATTTTTCAGTAACAATTTGT 

CCATGTACTTTTGGAC 

36-161A (SEQ ID NO:16) 

TGTGCTCTTGTTCCTTGGATCAAATAAGGAAACATGGCCTTAGGTAAGTG 

TAGTCATATCTTTTTGGCTCATGAACCCTAAGTCCCCTATAGTTTGAACA 

AGGTTGTGTAGGATTGGTAT 

36-1 61 B (SEQ ID NO :1 7) 

AGAACCTAATCTAAGTAGAATCTTATAAAAGAAATGAAAACTTTGAGAGA 

TATTTTTAGTATGAAAATAGAAAATAAATCATAAAGTAAACAAGCACAAA 

TACCAGCTGGATTTTTCTAA 

36-161 C (SEQ ID NO:18) 

GAATGTGCTCTTGGTCCTTGGGATCTAAATAAGGAAACATGGCCTTGGTA 

TAGTAATAATACTTTTTGCTCATAACCCTGAGTCCGCTATGGCTGAACAA 

GGTTGTGCAGGATGGTAT 

36-161D (SEQ ID NO:19) 

AGAACCTAAATCTAGGTAGCCTTCTTATAAAAGAAAATGAAAACTTTGAG 

AGATATTTTTAGTATGAAAATAGAAAATAAAATCATAAGTAACAGCACAA 

TTACGAGCTGGACTCTC 

36-162A (SEQ ID NO:20) 

GAATGTGCTCTTGGTTCCTTAGGGATCTAAATAAGGAAACATGGCTTGGT 

ATAGTAATAATACTTTTGGCTCATGAACTCTAGTCCTATGCTACAGGTGT 

CAGATGATA 

36-162B (SEQ ID NO:21) 

GATGTGCTCTTGGTCCTGGATCTAATGAAACATGCCTTGTATTAGTAAAA 
ATACCTTTTTGGCTATGAACCCTGAGTCCCCTATGGCTTGAAAAAGGTTG 
TGCAGGATTGGTAT 

36-162C (SEQ ID NO:22) 

TTTCTCTCTGATTACATTACTATGTAAAGACCTAAATGAATGAGTTTTCT 
TCGCAAGGACCAAATCGAGATATTTTAACTAATTTTTTCTCTTGAAATAT 
TTTATCTAGATGAAATTTT 

36-155 (SEQ ID NO:23) 

GCTTTCTTACATTCTTGGGGACAAGAATGCTTTGAAGGGGAGGGTATTGT 

CAGGAGGAAGTAATATAATCTGATTGTTATTTAGTTTATTTGCTTTGGGT 

AAATAAGTTGACTATG 

38-379 (SEQIDNO:24) 

CTCCAAGGCTTCATTGATGCAGATTATGGTAGAGATACTCTTGAGAGAAA 

GAGTACATCAGAGGTTGTCACTTCTAGGGAGATTGCTTAGTATCTTGGTA 

CAGCAAGAAGCAAACTTCAGTTGCTTTATCTACTATAGAAGTAGAATATA 

TGGCAGCTAGAAGTTGTGTAGCTCAACTTCTTTGGATCAAGCAACAACTA 

GAAGATTATGGAGTCTAATCCGGGTGTGTGGATGTAATGTGTGATTACAA 

AAGTGCCATTGATGTGTCAAACAATCCAGTATTCCATAGGAGGATAAAAC 

ATGTCAACATAAGGCATCGTGAAGAGAAGAAANTTG 
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38-274 (SEQ ID NO:25) 

CAGGANATGAACTTTGATTTCACCANCATAGATTTTGAATCTCAGTCTTC 

AGGAAGCTTTTTCAGTTCTTGAGCACATGTTCTGAAAAAATATCAAATCT 

CTACATTGTTTTCAAGGTCAACAAATGACCGGTAAGGCTCGGGTTGGTCT 

AGACCGGGCACATCAATTTGGGGACAAATTTGAATCCATTTTATCCTACT 

TTTTTGTATTGGCAGTAAGGATTAGGATTCTC 

38-198 (SEQ ID NO:26) 

CTCTCCTATATTTTAGGGTTTAGCTTTGTATCATAAGCTCTTCTGCTCTC 
TACCCCTCTAAACCACCCCATGNTATATATGGTATTCATCACTCGAATAT 
TTATGTAAGTCATCCATCTCATTCAGGGTTTGATTCGGGCTGATCATCTT 
CCGGTTTCTCTAGCTAA 

38-139 (SEQ ID NO:27) 

TTTGCAGGAGTACTGTCCATGTAAATTTGAGACTTCGCACTATCATTGCA 
AGCAATAGCAATAGAAGAAACATCATTTTGCAGCTTACTAATACACCCAC 
TC 

35-418 (SEQ ID NO:28) 

GCCTAGAAAGGTTTTCTAGTCAACATACTCACGTAGCTCACTTTTACCCT 

AACTTTTGCCTAGAACGTCCTTTTTGAATTTTCAGTCTAGCGGGCTATTT 

TGCACCCTAACTTTTGCCTGAATGGTTTGTAGAATACCAAATAGCGGGAT 

ATGCCCTAATTTTGCCTAAGCAGTAGAGGACCACTCATCGGGTGATTTAT 

TTTGATTATTTTTTGTGTGCCGCTTTTCTGGATTTGATTCTTTTAGATTA 

GATATGATAATGCTTCAATCGATCCTGATTGATAGGGTTTGTGAATTGGT 

ACGCAGCC 

35-181 (SEQ ID NO:29) 

AAGACCAAGTCAGGAGCATACGTAAGAAGAAGGAATAGCTGACCTAGCCG 

ATCCTCTGGTACCTCAACTATGGATGGACCCCCGTGTACCTCTCAGTCCT 

CCTCCTCGTCATCATATCATCATCCTCGTTGTTGCTC 

35-179 (SEQ ID NO:30) 

TTATCATAATCAATGTCAATAAAAAAAAAAAGGCAATAAATAAAAGATAA 

ATAATTCTGATAGACTAAAAAGAGCAAGGCTGATGCAAAAGTCAGAATAA 

GTCTGCTGGATTGAAATCGAAAGGTATCTAGGCAA 

35-177 (SEQ ID NO:31) 

GGCCCTTTCTCAGCCATGATATCTAAATATACGAGTCTTGTGTGTACGCC 
ATTGCATCTCTAGCCCTTCTCCAGGGGGCGTTCTCATCTTGTCCATGCCA 
TAATACAATTTCATATATTCTCTCTCCNAGTAAGCAACC 

37-329 (SEQ ID NO:32) 

AACCTCATCAATCAGGATCAGATGAAGCATTATCATATCTAATCGAAAAG 

AATCAAATCTAGAAAAGCGGCACATAAAAGTATATAAAAAAATCACCCGA 

CGAGTAGTCTTCTACTGCTCAGGCAAAAATTAGGGTGTATCCTGTTGTTT 

GGTAATCTGTAAACCATTCAGGAAAATGTTAGGGTGCAAGAATAACCCGC 

TAGACTGAAAATCTGAAAAGGATGGTCTAGGCAAAATTTAGGGTAAAAGT 

GAGCTACAATAGTGTGTTGGCTTGAAAACTT 

37-248 (SEQ ID NO:33) 

GGATTACTGATAATGTTGACAATGGCTTGAGGGCAGTATCTTGCAACTCC 

CTCGCAAAGGGTTTTCACTATTCCGGCATTTATGTTGAATAAATCGTCCC 

TAGTCATTCCTGGCTTCCTAGGAACCCCAGCAGGAATTATCACAAGATCC 

ATTCCTGTAAGAGCATCGTCTAGTTGCTGCTGGCCCAAGAAACCACGCAC 

CTGAAAATCAT 

72-358 (SEQ ID NO:34) 

TTAGCTCGATCTCCATGATCACAAAACTAGTTATCACACCCACCATTTAC 
ATTGTTGTTATGCAACAAAGTCAACTGTACTAGAGATTCTCGTCCCGAAG 
TGCCCTCAAGATGGGATCGTTTTCTTNATCTATGTNGTAGTNGTCGTNGT 
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CGTCATCATCCAGGTCATCCAGTATTGATTGGTTGATCCTTNTGCGAGAC 
TTTCTTCTATGCNTTCTTGGGCTCCAAACGAGGTTCAGCTTGCTGTACTC 
CCATATCACCCACTTTGAACCTGCAGAGTAGCATAACGAACAAGAAAATG 
AATGATAGTAGAATAAATTT 

72-312 (SEQ ID NO:35) 

TATGGTATTTCTTTTCTGGGTGTAATTGATTTGCAACTTGAGTCAAACAG 

GTTCTATCAACTGATTTTTCTAGTTTTCGGCGCTTACTGCAACCCTGGAA 

AGGATGTTCACTGTTTTTTCCTTCGTTTTCCAGGTCAGCAATACGACGAG 

TAATTTCCTCGGTATCATATATGGATTCCAGCTTGTAATCTTTTATGCAT 

TGAAATACGGCTTTACGAGCAGCTAGTTCTCTCTCCCTGGCCTTCTCCTG 

CAGATGAAATCAGGAGTTATAT 

72-235 (SEQ ID NO:36) 

CAGATTATTTGACTATAATTAGTTTGGCTTCTATGGTTGCTGCACTAAAT 
GATCATCGAAACAGCCAATCGGTTCATGGGTTTGTCATGAGAAAAGGCTG 
GTTCATGGAATATATTGTCATTGGGAATGCAACTGTGGACATGTATGCTA 
AAATTGGAGCCACAGATACGGCCCGTGCAGTATTTGAAAGCCTAC 

72-210 (SEQ ID NO:37) 

TTTCAAAAGTTGAAAAGAATATGTCATAAGCCTTACACTAGTAAATGGAA 
CTATAGTCCGTGCCCCCTACATCAAAAGATCAATGATAAAGAAGAACAAA 
ACACTCCAAAGAGCAATTCTTCTCAAAAGGTGCTGAGCTGGAATCCCATT 
CTAATCGTGGCATCCCTCCCC 

72-162 (SEQ ID NO:38) 

AAATGT AG C AAAG AAC ATTATC AAC AAATG C C C C AAAAAAC AAGTG AAAA 
TATAATCACCACTGAAGCAAAAAAAGTAAGTAAAAACAGAAGAAAAGACA 
ACTAAATGTAGATTATTACA 

72-127 (SEQ ID NO:39) 

AACTTTTTTCTTTGTATAATTATCTCATATTTTTTGTGAATATTCTTGTT 
TGAATAGAACACACTTTATATATGAAACCCACTTTATC 

72-105 (SEQ ID NO:40) 

ATCCTTTTCAACAAGGACATCGATGAAAAGTGATTTATAAATGTGGATAT 
GT AAATCT AG CTT AGTG 

75-263 (SEQ ID NO:41) 

CCAGGAGTAAAATAGCCATTATGAAAGTACCATTGAACCATATTGCTAAC 

ATCCTTGCCGACCAGGTCCCAAAAGTGTTGATAAAAAATACCAGTAAAGC 

CGTCAGGACCCAGCGCACTATCACCCTTCATCGAGAAGACTCTATTTCGA 

ATTTCATCAAAAGAAGGCTTCCTAATGAACTCATCATTGTCGCTGCCCGT 

CACCCGATTAGGAACTGTCTGCC 

75-201 (SEQ ID NO:42) 

CTAACTGGATGCAAGAAATGAGCAGGCACCGATGAACTAGCAAATAAAGG 
TGGCAGCATCAGAACCACCATCGTAACCACCGTTAGAATCGCCGCCCGAT 
GAAAGCCCCTGCATTCTTTTCAAATACAATCTATACTTCTTGCATCATGA 
ACCCTACGTTTTCTC 

75-145 (SEQ ID NO:43) 

ACTAATCCCATATTAGATGGGAATTGGATCGCTTGACATGAGAGATTTCA 

AATGAACTTTATTTCCATCCCTAGAGCCGAGTTCATAAAATCTCTCCTAA 

ACCCAT 

75-106 (SEQ ID NO:44) 

TGCACCATTTGCATTTTCACACAACCATTTATAATAATATTCATCCCATA 
N GTTTG AG G GTTTTC G G 
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75-104 (SEQ ID NO:45) 

GTTCGTATATGTAATATATGCTNGTAAAGTTTAATTACAGAAACATNGCA 

75-102 (SEQ ID NO:46) 

5 CGTACCAGCGGAGACGATGGCCTGAAATTTGAGCACCTTCCGTTGCATCA 
GAGTTTCTCAGTTA 

In addition to determining the 41 fragments and 46 sequences, the 
present inventor found that sixteen fragments (comprising 21 sequences) 
10 were particularly useful in estimating whether two cultivars were from the 
same breeding program, since cultivars of the same breeding programs 
tended to share bands selected from the set of sixteen fragments, identified 
as follows: 



27-103 


(SEQ ID NO: 12) 


36-257 


(SEQ ID NO: 15) 


36-161 


(SEQ ID NOS: 16, 17, 18, 19) 


36-162 


(SEQ ID NOS: 20, 21, 22) 


36-155 


(SEQ ID NO:23) 


38-379 


(SEQ ID NO: 24) 


38-274 


(SEQ ID NO: 25) 


38-139 


(SEQ ID NO: 27) 


35-179 


(SEQ ID NO: 30) 


72-358 


(SEQ ID NO: 34) 


72-312 


(SEQ ID NO: 35) 


72-235 


(SEQ ID NO: 36) 


72-210 


(SEQ ID NO: 37) 


72-127 


(SEQ ID NO: 39) 


75-201 


(SEQ ID NO: 42) 


75-106 


(SEQ ID NO: 44) 
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EXAMPLE 5 

Statistical Analysis of Poinsettia Amplified Fragments 

Scored data of poinsettia plants were exported as one (when a band 
representing one of the 41 polymorphisms is present) or zero (when a band 
35 representing one of the 41 polymorphisms is absent) to a Microsoft Excel™ 
spreadsheet. Several models for calculation of distance matrices that 
incorporate only positive matches (1/1) were evaluated, including the 
similarity models by Dice and Jaccard in the statistical software package 
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NTSYSpc (supra). The similarity model chosen for this Example was the 
Dice model, as described above. A dendrogram (a graphic display of the 
similarities of the individual cultivar indices) is generated using the 
unweighted pair group method with arithmetic mean (UPGMA) or 
5 "NEIGHBOR" distance matrix program of the software package known as the 
Phylogeny Inference Package (PHYLIP) (Version 3.5c, 1993, available from 
Joseph Felsenstein, The University of Washington, Seattle, Washington). 

The foregoing is illustrative of the present invention and is not to be 
construed as limiting thereof. The invention is defined by the following claims, 
10 with equivalents of the claims to be included therein. 



-32- 



